Introduction
Corona Virus Disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections occurred in Wuhan in December 2019 1 . Till March 5, 2020 , the SARS-CoV-2 infected 80565 patients and caused 3015 deaths in China. Based on early statistical data of china, the case-fatality rate (CRF) in the patients over 60 years old is much higher than overall CRF, 14.8% CRF in patients over 80 years, 8.0% CRF in patients aged 70-79 years and 3.6% CRF in patients aged 60-69 years 2 . The proportion of deaths over 60 years old accounts for 81% of the total deaths in the national wide, which implicates aged people are more vulnerable to the SARS-CoV-2.
Till present there are rare reports in literature focusing on the clinical characteristics of the elderly patients with COVID-19, and the risk factors for poor outcomes remains to be elucidated. The present study aims to describe the clinical characteristics and to investigate the prognostic factors of the elderly patients with COVID-19, which might provide evidence for the risk stratification and help to improve the clinical practice and reduce fatality.
Patients and Methods

Study design and participants
The study complied with the edicts of the Declaration of Helsinki and was approved by the Ethics Committee of Renmin Hospital of Wuhan University (No. WDRY2020-K032). Written informed consent was waived by the same committee. In this retrospective, single-center study, we included all confirmed cases of COVID-19 over 60 years old admitted from Jan 1 to Feb 6 at isolation ward of Renmin Hospital of Wuhan University in Wuhan, China. This is a designated hospital capable of receiving severe COVID-19 patients. All enrolled patients were diagnosed according to Interim guidance for novel coronavirus pneumonia published by National Health Commission of the People's Republic of China 3 . According to the report of the WHO-China Joint Mission on COVID-19 4 , patients with COVID-19 were divided into mild (laboratory confirmed, without pneumonia), moderate (laboratory confirmed and with pneumonia), severe (dyspnea, respiratory frequency ≥30/minute, blood oxygen saturation ≤93%, PaO2/FiO2 ratio <300, and/or lung infiltrates >50% of the lung field within 24-48 hours) and critical (respiratory failure requiring mechanical ventilation, shock or other organ failure that requires intensive care).
Procedures
SARS-CoV-2 nucleic acid was detected in all patients by real-time PCR to confirm the virus infection. Chest X-ray and/or computed tomography were performed for the diagnosis of pneumonia. Patients' medical records were carefully reviewed and analyzed by three trained physicians. Patient data including demographics, comorbidities, signs and symptoms, laboratory results and complications were obtained. Patient history were collected for comorbidities including hypertension, diabetes, cardiovascular disease, cerebrovascular disease, chronic kidney disease, chronic liver disease, chronic obstructive pulmonary disease (COPD), malignancy and autoimmune diseases.
The occurrence of complications was confirmed by three physicians according to the following criteria. Acute kidney injury was identified according to the Kidney Disease: Improving Global Outcomes of Definition 5 . Cardiac injury was defined if the serum level of cardiac troponin I (cTnI) was above the 99 th percentile upper reference limit. ARDS was defined according to the Berlin definition 6 . Arrhythmia was defined as emerging premature beat, tachycardia, atrial fibrillation, ventricular fibrillation and clinically significant bradycardia according to electrocardiography or medical records, transient sinus tachycardia associated with fever was excluded. Cardiac insufficiency was defined when the serum level of NT-BNP exceeded the normal range and the present of associated symptoms, such as dyspnea, orthopnea and edema of lower extremity. The interval from symptom onset to admission and the length of stay were also recorded.
Outcomes
The primary outcomes were survival and death till March 5, 4 weeks from the last admission.
Patients cured were discharged when the symptoms improved significantly, with no fever for at least three days, obvious absorption of inflammation in pulmonary imaging, and negative results for at least two consecutive tests of SARS-CoV-2 nucleic acid. Patients who didn't meet the discharge standard continued hospitalization for treatment and observation. The patients discharged or stayed in hospital till the end date of follow-up were classified into survival group.
Statistical analysis
Basic statistical analyses were performed using SPSS version 17.0. The normality of continuous variables was tested using the Kolmogorov-Smirnov test. Hypothesis testing was performed for comparing continuous and categorical variables in different outcome groups using Mann-Whitney U test and Chi-squared test respectively. The clinical and laboratory variables, which differed significantly under comparative statistics, were included in a univariate Cox analysis (proportional hazards regression) using R language v3.5.2 with packages "survival" and "survminer". The models used in the univariate analysis were tested by Likelihood ratio test, Wald test and Score (log-rank) test. Multivariate Cox regressions were subsequently performed for comorbidities and complications, in which the "Age" factor was added to correct the models and only variables with statistical significance in univariate analysis were included. All significance levels were computed for 2-tailed testing and the cutoff of significance was set at P < 0.05.
Results
Demographics and baseline clinical characteristics
Of 339 patients identified, the mean age was 71 years, and 173 were female (51%). As presented in Table 1 , 60.7% of the patients had comorbidities, while 23.9% had two or more comorbidities. Common comorbidities included hypertension (138 cases, 40.8%), diabetes (54 cases, 16.0%) and cardiovascular disease (48 cases, 14.2%). The most common symptom was fever, which occurred in 311 (92%) patients. Symptoms such as cough (179 cases, 53.0%), dyspnea (138 cases, 40.8%) and fatigue (135 cases, 39.9%) were also prevalent in those patients. Till Mar 5, 2020, 91 cases were discharged (26.8%), 183 cases (54.0%) stayed in hospital and 65 cases (19.2%) were dead. The median duration of hospital stays for the discharged was 21 days (interquartile range, 15-26). The patients discharged or stayed in hospital till the end date of follow-up were classified into survival group. Compared with the survival subjects, there were fewer women in the dead group and the dead patients were significantly older. Comorbidities including hypertension, cardiovascular disease, cerebrovascular disease, and COPD were more prevalent in the dead group. It should be noted that there were more patients complaining of dyspnea in the dead group (38/65 vs. 100/274, p < 0.001). In addition, fever and headache were less common in patients who died.
Considering the vital signs, significant higher respiration rates were found in the dead group, in comparison to the survived.
Laboratory findings
Of the included 339 patients, lymphocytopenia were found in 211 cases (63.2%). The count of CD4 + and CD8 + cells were all decreased compared with normal values. The comparisons of laboratory findings between the survival and dead group were shown in Table 2 . When compared with the survival group, the count of neutrophils was significantly increased, while the count of lymphocyte, monocyte and platelet were decreased. The counts of CD4 + and CD8 + T cells, which play important role in antiviral immunity 7, 8 , were all significantly decreased in the dead group. The prothrombin time was significantly prolonged, and the concentration of D-dimer was evidently increased in the dead group. The alanine aminotransferase, an important indice for liver function, showed no evident difference between survival and death. At the same time, serum urea and creatinine levels were observed to be higher in the dead group. In addition, the markers for myocardial injury, inflammation, and bacterial infections were all increased significantly in the dead group.
Spectrum of disease and complications
Renmin Hospital of Wuhan University is a designated hospital for severe COVID-2019 patients. As described in Table 3 , in the present study, 70.5% of the enrolled patients are classified as severe or critical. Almost all of the dead patients were critically ill (92.3%), only four severe patients died till the end of follow-up. Only one death was found in moderate cases, which was due to sudden cardiac death.
During hospital stay, bacterial infection was found in 143 cases (42.8%), liver enzyme abnormalities were observed in 96 cases (28.7%), and acute respiratory distress syndrome (ARDS) occurred in 71 (21.0%) patients. 70 patients had acute cardiac injuries (21.0%). The incidences of all the complications were significantly higher in the dead group in comparison to the survivors.
The duration of onset-to-admission and hospital stays
The interval time from symptom onset to admission was recorded for each patient (Table 4 ).
There was no significant difference between the survival and dead group. Given that the final length of hospital stays for the patients remained in hospital was unknown, the duration for those patients was calculated from admission to the end date of follow-up. The results showed that the length of hospital stay was dramatically shorter for the dead patients. The median duration of hospitalization was only 5 days in the dead group, which was significantly shorter than that in the survival group (5 (3-8) vs. 28 (26-29), P < 0.001).
Prognostic factors of the elderly COVID-19 patients
Univariate Cox regression was used to analyze the risk factors for fatal outcomes in the elderly patients with COVID-19 ( Figure 1 ), the hazard ratio (HR) and 95% confidence interval (CI) were shown in the columns right to the chart. Older age was shown to increase the likelihood of death even in elderly patients (HR 1.08, CI 1.06-1.11, P < 0.001). Symptoms of dyspnea (HR 2.35, CI 1.43-3.87, P = 0.001) and comorbidities including cardiovascular disease (HR 2.87, CI 1.70-4.83, P < 0.001), cerebrovascular disease (HR 3.26, CI 1.66-6.40, P = 0.001) and COPD (HR 3.72, CI 1.94-7.13, P < 0.001) were all predictive of fatal outcomes. Complications including acute cardiac injury, arrhythmia, acute kidney injury (AKI), ARDS, cardiac insufficiency and bacterial infection were all predictors of death. The models used in the univariate analysis were tested by Likelihood ratio test, Wald test and Score (log-rank) test and all the three methods supported the significance of the models. Then the "Age" factor was added to correct the models for the multi-factor regressions of comorbidities and complications (Figure 2 ). In the multi-factor analysis, only cardiovascular disease (HR 1.86, CI 1.06-3.26, P = 0.031), COPD (HR 2.24, CI 1.12-4.50, P = 0.023) and ARDS (HR 29.33, CI 12.37-69.58, P < 0.001) remained to be the predictors for death when other factors in the model kept constant, while the contributions of other factors were no longer significant in the model. Among the vital signs, increased heart rate and respiration rate could increase the likelihood of fatal outcomes. For the laboratory tests, white blood cell count (HR 1.16, CI 1.14-1.20, P < 0.001) and prothrombin time (HR 1.17, CI 1.13-1.24, P < 0.001) were shown to increase the risk of death, and a low level of lymphocytes was a strong predictor of poor outcome (HR 0.10, CI 0.04-0.22, P < 0.001). Significances were also found in other factors such as procalcitonin and hypersensitive troponin I. However, for those factors the HR was around 1.0, which limited their values as predictors.
Discussion
In the present study, we described the clinical characteristics of elderly COVID-19 patients who were faced with the highest risk of death after SARS-CoV-2 infection. And we investigated the prognostic factors of COVID-19 based on at least 4 weeks of follow-up. SARS-CoV-2 caused a much more severe pneumonia in the aged people than younger patients. Of the 339 elderly COVID-19 patients included, over 70% were severe or critical, and the case fatality rate was 19%. Fast progress of disease was found in the dead with a median survival time of 5 days after admission. Several factors were found to be predictors for poor outcomes, such as symptom of dyspnea, comorbidities like cardiovascular disease and COPD, and complications like ARDS. It should be noted that once ARDS occurred, the probability of death would increase dramatically. On the other side, increased lymphocyte count was predictive of better outcomes.
The distinct features of COVID-19 in these included elderly patients were evidently increased severity and fatality. The reported proportion of severe-to-critical patients in the whole population was 18.5% and the case-fatality rate was 2.3% 9 , significantly lower than the present study. As Renmin Hospital of Wuhan University was a designated hospital for severe COVID-19 patients, the proportion of severe and critical patients and fatality rate might be different from other centers. In the 65 dead cases 92.3% were critically ill. The only one death in moderate cases was caused by sudden cardiac death. As indicated by the short length of stay (median, 5 days) for the dead, the disease progressed considerably fast for those patients. The most common symptoms at admission were fever, cough, dyspnea and fatigue, which was consistent with the general symptoms of viral infection and pneumonia.
Dyspnea was more prevalent in the dead patients. In consistence, the respiration rate at admission was significantly higher in the dead group compared with survival group. The incidence of comorbidities was relatively higher in the elderly COVID-19 patients compared with the whole population 9 . The most common comorbidities were hypertension, diabetes, cardiovascular disease and cerebrovascular disease. The median heart rate, blood pressure and respiration rate were in the normal range at admission both in survival and dead group, indicating that the vital signs of most patients were stable at admission. Common complications during hospitalization were bacterial infection, liver enzyme abnormalities, Significant differences were found in laboratory findings between the dead and survivors.
Generally, evident decrease of lymphocytes was observed in the dead group. Specifically, the count of CD4 + and CD8 + lymphocytes were both significantly reduced in the dead group, indicating the suppressed cellular immunity in these patients. At the same time, more severe inflammatory reactions might exist in the dead cases as represented by significant increase of inflammatory markers. In addition, more frequent coagulation disorders, myocardial injuries and bacterial infections were found in the dead group compared to the survival group, as revealed by the related markers. Compared with the survivors, serum concentrations of urea and creatinine were higher in the dead, indicating worse renal functions, although the median values were still within the normal range.
As found by the cox regression, there were several prognostic factors in the elderly COVID-19 patients. Dyspnea and high respiration rates were probably manifestations for impaired respiratory function and might reflect the severity of lung lesions caused by infection or inflammation. The impaired oxygenation caused by COVID-19 brings great challenge to the cardiopulmonary function, especially for the elderly. Comorbidities such as cardiovascular disease and COPD could greatly increase the vulnerability of elderly patients when faced with this disease. It is reasonable that these factors could predict poor outcomes. ARDS, the fundamental pathophysiology of severe viral pneumonia, could be a marker of rapid progress of the disease. Once ARDS occurred, the 28-day mortality would be near 50% 10 . Consistent with that, in the present study, the occurrence of ARDS was an extremely strong predictor of fatal outcomes, which could increase the probability of death by a factor of 29.3. In laboratory tests, lymphocytopenia were found in around 60% of the overall patients and in 81.5% of the dead patients, which was similar with previous studies on SARS 11 . It has been reported that lymphocytes could be killed by coronavirus due to the damage of the cytoplasmic components or apoptosis 12, 13 . The degree of lymphocytopenia might reveal either the severity of virus invasion or the condition of the antiviral immunity, thus could predict the outcome.
According to the above, patients' conditions on admission including dyspnea, comorbidities of cardiovascular disease and COPD, lymphocytopenia, and ARDS during hospitalization, could predict the risk of death. These factors should be considered for risk stratification. We have found that COVID-19 progressed rapidly for some severe or critical patients. Therefore, for the elderly patients the risk factors should be taken into consideration. For those at high risk, close monitoring and timely treatment might be very important and could help to improve the outcome.
Limitations
This study has several limitations. As Renmin Hospital of Wuhan University was a designated hospital for severe COVID-19 patients, the proportion of severe and critical patients and fatality rate might be different from the whole infected population. In addition, as a retrospective study on a severe disease, some relevant data such as interleukin-6 were incomplete and could not be included in the risk factor analysis.
Conclusions
High proportion of severe to critical cases and high fatality rate were observed in the elderly patients with COVID-19. Rapid progress of disease was noted in the dead patients with a median survival time of 5 days after admission. Patients' conditions on admission such as dyspnea, lymphocytopenia, cardiovascular disease and COPD, and the occurrence of ARDS during hospitalization were predictive of fatal outcome. Close monitoring and timely treatment should be performed for the elderly patients at high risk.
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Figure 2. Multivariate Cox regression for prognostic factors
Multivariate Cox regressions were performed for comorbidities (A) and complications (B), in which the "Age" factor was added to correct the models. AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; HR, hazard ratio. * P < 0.05, *** P < 0.001.
